INTRODUCTION
A potentially important parameter in assessing hazards from materials released to the environment is the possibility of such materials entering the human food chain through uptake by plants from soils. With the forecasted potential use of nuclear energy, it is anticipated that small quantities of transuranic elements will be released to the environment.
In planning for the future and to assure that proper precautions will be exercised, it is important to have information on the behavior of those elements in soil-plant systems.
It has frequently been assumed that all actinides behave like plutonium in the environment; however, the chemical properties of some differ significantly from those of plutonium.
Initial experiments with plants, as well as studies with animals, confirm that these elements behave differently in living systems
and that direct comparison with plutonium may result in errors in estimating human hazards. This report reviews the available experiments to provide the best information for assessing this pathway.
In this study, only uptake and incorporation into plant tissue (or in some cases absorption onto roots) from the growing medium has been considered. A sizable body of data exists which indicates that uptake of this nature may be insignificant in the field when compared to direct accumulation and retention on plant surfaces. Any accumulation is dependent, of course, upon climatic conditions and the particular plant type in question, and is expected to vary with those parameters. However, it is not clear at this time as to whether the uptake and retention of the metabolized isotope in animals will be the same as that deposited directly on the plant.
ACTINIDE ELEMENTS ASSOCIATED WITH PLUTONIUM FUEL CYCLES
The potential environmental importance of transuranic nuclides associated with plutonium fuel cycles depends not only upon their apparent behavior in the environment but also upon their abundance in the environment. Thus, in assessing the relative hazard one must consider not only the uptake of each element but also the relative quantity of each of the isotopes. Table I lists the abundance of a number of the longer lived nuclides of im-239 portance relative to Pu at three times after discharge. These data were calculated from the levels reported by Belll for nuclides in spent fuel discharged from the Atomics International Reference Oxide LMFBR. While other reactors will have somewhat different ratios, these values will indicate the relative abundances in a, more or less, typical fuel. It must be realized that, for the environmental situation, these ratios may be altered depending upon the process used in separation of the U and Pu and the point in the process where releases may occur.
UPTAKE OF AMERICIUM, CURIUM, AND NEPTUNIUM IN PLANTS
A series of experiments has been performed by Price 2-6 which allows comparison of plant uptake of~, Cm, Np, and Pu. The first study was performed to determine uptake of these actinides in the nitrate form, and served as a basis for subsequent studies on the influence of various completing materials on uptake.
Soil, plant types,and methods used were constant for the series of experiments.
The soil used was Burbank loamy sand local to the Hanford, introduced and locally growing plant varieties, tumbleweed grown for
One-quart 2 Washington area. TWO and cheatgrass, were two months, harvested, dried,and analyzed by liquid scintillation.
plastic-lined pots were each packed with 1 kg of dry soil, and 50~Ci 0.33~HN03 was evenly distributed on the surface from a 10-ml pipette. This was allowed to dry overnight at room temperature and l-cm layer of soil was added. Six seeds, later thinned to three tumbleweed or four cheatgrass seedlings, were planted and covered with 2 cm of coarse sand. Nitrogen, as NH4N03, was provided and the total, including that in the HNO s spike, was equivalent to 172 pgN/g of soil. The cation exchange capacity of the soil was reported as 6.4 meq/100 g, organic matter as 0.3% and pH at saturation as 7.8 prior to adding radionuclides. Harvested plants were dried for 24 hours in paper bags in a forced draft oven at 60°C. Dried plant tissue was pre-ashed in H2S04 and ashed in a muffle furnace. One hundred-mg samples of ash were dissolved in 2 ml of 2 N HN03 with heat. A scintillation gel was added and analyses were made using -an ambient temperature liquid scintillation counter. Data were presented as average uptake of the nuclide added to each pot, and as average concentration factor (CF) defined as CF = pCi/g oven dry plant , vCi/9 oven dry soil where the weight of oven dry soil actually contaminated was determined to be about 40 g. This value was determined by adding 10 ml of solution to air-dried soil and removing the wetted soil as soon as flow was noted to have ceased. It was assumed that addition of the nuclide in this manner for the would result in the same 40-g value.
In subsequent experiments 3,4,6 Price studied the effect of uptake studies organic acids, EDTA and DTPA, on uptake of 241 Am, 244 cm, 237 Np, and 239PU . The organic acid salts, ammonium acetate, sodium glycolate, ammonium oxalate, and ammonium citrate, were prepared in dilute (0.15~) solutions to which w2.5 vCi of Np, cm, or Am/ml or %5 pCi/ml was then added. Due to the specific activities of the isotopes (see Table I ), the molar ratios of organic acid salt-to-nuclide were different by a factor of about 105. Approximately 10 ml of these solutions or of the nuclides chelated with EDTA or DPTA (amounts not known) were added to pots as described for the nitrates. Soil pH's determined after addition of the contaminated solutions were 5.1 for the nitrate 6.6 to 9.1 for the glycolate, 6.5 to 8. Both chelating agents appear to increase the uptake of Pu, Am, and Cm in the roots to a greater extent than they increase the uptake in the shoots. With
Np, which has a high concentration factor as the nitrate, the increase in either root or shoot due to chelating agents is small if it does occur at all. The author concluded that, "In the case of Pu, chelation apparently not only increases plant uptake from soil but also may facilitate transport from root to shoot . Chelation of~and Cm increases plant uptake but may not have an influence on root-to-shoot transport. Chelation apparently results in reduced uptake of Np into roots or shoots."
The results of this experiment were undoubtedly affected by the technique.
Although the plants were grown in about I kg of soil, the actinide was applied to only about 40 g of soil and the latter value was used in the calculation of concentration factors. It is not clear whether the same result would have been obtained if the soil were uniformly contmd.nated with the same amount of actinide although to be the same, the following conditions must be fulfilled in both systems:
(1) The absorption through the root must be the same in all volumes of the soil implying, essentially, uniform distribution of the active root area through the mass; and (2) 4.6x10-5* 7.0x20-6
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Marte117 has noted that, in the field situation, leaching by precipitation and ground water will proceed more rapidly for~and Cm than for Pu. He, therefore, postulates that such movement away from the root zone may partially offset the increased uptake of these actinides. Particularly with Np, where the ratio of the CF'S of the Np to Pu as the nitrate is 'w2400 for tumbleweed and %700 for cheatgrass, a portion of this difference could be due to Np moving away from the relatively shallow cheatgrass roots but remaining available to the deeper tumbleweed roots.
The importance of contaminant depth was also noted by Price. 5 He added nitrate and oxalate solutions of the four nuclides at mid-depth of large pots.
Tumbleweed and cheatgrass were grown in the pots and harvested after two months.
Roots above and below the depth of nuclide addition were collected and analyzed 237 separately.
Except for Np, only root tissue below the nuclide layer showed radionuclide accumulation. The author stated it was unlikely that the transuranics had leached through the soil to contaminate roots. Since no soil analysis data were reported, it can only be said with certainty that those nuclides did not move upward to contaminate root tissue. It is assumed that 237 Np was de- It is assumed that plants were first grown in solution or soil not containing 242 Cm and then transferred to the tagged growing medium. TWO dozen plants were grown in solution, 16 in soil, and 10 in solution but with the roots removed 1 cm below the root collar. Fescue grass, assumed to be of a mature age, was clipped to 8 cm in height and transplanted to four plastic trays each containing 200 ml of tagged nutrient solution such that the root mat was in the solution.
The growth period of all plants in contaminated media was 28 days, during which time bean plants were reported to have increased in height by a factor of 4 and in weight by a factor of 6 but did not produce fruit. Grass leaves grew to a length~f 25 cm. Control plants of both types were grown in uncontaminated nutrient solution and exhibited no differences in growth or vigor compared to experimental plants.
Harvest included all grass greater than 4 cm in height and all aboveground parts of bean plants.
Analyses for 242 Cm were performed on plant samples weighing about 200 mg (oven dry weight), and results were reported for entire plant parts the weights of which were not reported. Samples were dried for 24 h (105"C), ashed overnight (600°C), dissolved in 1 ml of 1~HC1, filtered into liquid scintillation counting vials with a 10-ml distilled water rinse, evaporated to near dryness and counted following addition of 20 ml scintillation solution. Control plant samples, experimental plant samples,and standards were prepared similarly and a detection limit of 0.002% uptake per whole plant was determined. The authors reported that grass contained no activity in excess of that in control samples, and a physical or physiological barrier in grass was postulated since grasses do contain other heavy metals.
Results of analyses of bean plants are shown in Table IV 
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Bush beans were germinated in sand and seedlings were transplanted to pots containing 500 g of the soil mixture to which 10 VCi 241 Am in a volume of W50 ml HN03 had been added in increments while the pots were being filled so that the distribution through the soil was reasonably uniform. Chelates, DTPA, EDDHA, and FeEDDHA were added to soil in amounts equivalent to 10 pounds Fe per acre.
TWO pots containing two plants each were grown for each treatment and as controls, for each soil. Leaves were harvested after 14, 31, and 45 days and analyzed separately for each plant in a sodium iodide (NaI) well counter and were then 15 oven-dried and weighed.
The approximate weight of leaves was 200 xngper plant.
Results, as reported and as derived, are given in Table VI . Counting efficiency was not reported, but it has been determined by discussion with one of the authors that a value of about 8% was used at the time of the experiment and this value was used in estimating the concentration factors. Am in the plant caused by the FeDTPA but that the increase was not as great iis noted with bush beans for the application without iron. 14 The addition of Zn and l.in resulted in slight decreases in uptake. It is also of interest to note that the increased uptake with chelation was primarily in the leaves. The stems, although at about the same concentration as the leaves in the controls, showed 1:.ttle change with chelation although the addition of M apparently decreased the uptake. In another experiment with bush beans he placed seedlings in aerated nutri--5 M Na2 DTPA and abut 2 UCi 241 ent solution containing 10 _ Am per jar. After seven days, one set was removed for measurement and two other sets were placed in nutrient jars one with and one without DTPA. Both sets were allowed to grow to maturity (21 days additional) and were then measured.
The results indicated that, in the presence of DTPA, the plants retained much of the 241~i n the old growth with, however, some translocaticm to new leaves. In the absence of DTPA more 241Am was translocated to new growth with much of it coming from old leaf tissue. In both cases there was marked. redistribution from old leaves and stems back into the roots. He concluded that DTPA had little effect in promoting translocation.
In a final study Wallace 16 determined the influence of DTPA and RA 157 (the toluene derivative of EDDHA) without iron on 241~u ptake in Valencia oranget scions of which had been whip-grafted t~trifoliate orange or rough lemon roots.
Seventy days after grafting, single plants were placed in pots containing 500 g
Hacienda loam "previously equilibrated with 125 pCi each, in 6000-g lots," or 241 presumably about 10.4 pCi Am per pot, At the start of the experiment, 35 ppm of DTPA or RA 157 were added to the soiIL. Suckers were harvested 85 days after transplanting and shoots above the grafi: at 119 days. After one year, 135 ppm DTPA was applied to soil of pots containing rough lemon rootstock, including the control. New growth was harvested 30 days following that treatment (13 months from transplanting). Plant tissues were washed with 0.1~HC1, rinsed, dried, divided into leaves and stemstand analyzed for 241 Am using a NaI well detector.
Results represented 5-8 replicates at 85 and 119 days, and 3 replicates at 13 months and are given in Table IX .
In discussion of these results, Wallace noted that the DTPA increased the transport of 241 .
lkn to the shoots but there was little effect of rootstock. This 241 suggests that the mechanism for absorption of lun may be different than that for iron or zinc since large differences had been observed depending on rootstock for these elements. It is of interest that the RA 157 chelating agent had little or no effect on uptake. The increase in uptake following the DTPA application at one week and grown to harvest (120 days later) in a controlled chamber. Results are given in Table X ,,'
The differences in uptake serve tc)illustrate the importance plants per pot environment of soil type and form of administration. The author:; note that they expected the Aiken (forest) soil to have the highest uptake. Instead it was the lowest for both nuclides.
The importance of the chemical form in the calcareous Panoche soil is not explained since for both nuclides the highest uptake observed was in this soil with the nitrate and the lowest with the chloride. It is of interest that the use of the edible seeds in this experiment resulted in lower concentration ratios than were observed in the previously described experiment. Pu showed diminished cell division for about a day, but nearly normal secondary root growth occurred. The author suggested volubility differences based on specific activity of the two isotopes as a possible cause; he also suggested that differences 241 allowed greater uptake of llm also allowed greater upon the plant.
TOXICITY OF NEPTUNIUM AND AMERICIUM TO PLANTS

DISCUSSION
in chemical behavior which toxicity of llm to be exerted
The data from experiments using no treatment, such as chelating agents, are given in Table XI and orange plant data were not included and only the total plant value for soy beans was used. To place uptake ratios in perspective relative to the potential environmental importance of these nuclides, abundance of the nuclides relative to 239 Pu at 3, 100, and 1,000 years in the fuel have been used. Relative abundance values multiplied by the approximate relative uptake (CF) values from Table XII provide numbers relating to the potential importance of these isotopes with regard to their availability to the food chain in plants. Table XIII shows some of these relationships, giving some of those in which importance relative to 239 239PU are Pu is greater than one. It is clear that some isotopes other than of importance in the environment for long times.
A summary (Table XIV) ptake.
One further point should be consic[ered in use of these uptake data. All concentration factors given were based on the oven-dry weight of plant tissues analyzed.
In young plants, such as were used in many of the experiments,the Thus to use these concentration factors in estimating transfer through the food chain, it is necessary to reconvert them to the wet weight basis. Unfortunately, investigators seldom re-80% as a factor inport the wet weight so that approximations are necessary. If we assume the water content, all concentration factors given should be reduced by of 5. We would recommend that all experiments of this nature which are tended to be used in assessing health risks be based on wet weights.
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